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DiUPLICATE 

1 

A METHOD OF CONTROLLING INTERPERENCE FROM A TRANSMITTER IN 
ONE COMMUNICATION SYSTEM TO A RECEIVER IN ANOTHER 
COMMUNICATION SYSTEM 

5 xhisiavenlioa relates to a method of ccmtrollingii^^ 

in one cQminiiiiicatiaa system to a receiver In amrther ixxnramtdcation system. In 
general, a certoin fi-eqvwaiiyy band is allocated for a particular type of communication 
systan, e.g. mobile phones and then wifliin that frequency band, any equipment ^ch 
wishes to communioate must share die allocated speotrom with oflier user equipment 

10 giving rise to the poBMbility of interferaice- Many system widi at least one transmitter 
and one lecedvear, it is assumed that die transmitter is the cause of the interfctence. 
However, the flmdam«itBl problem of spectrum shaiing is not die transmitters, but the 
receivers. This is because, with current systems, it is possible to sense die iM?e8eDce or 
absence of sigaal fiom a transmitter diat is ahcady operating on a dSequency one wishes 

15 to share, but it is not possible to determine pettier transmission on aparticular 
fiequencywincanseirrterfijrenoeatarBceiverornotThejTOsenoeofasbxmgsi 

mi^ indicate that a remote receiver will have no problem with any intwference the 
transmitting teiniind ini^ generate. EquaHy a weak signal might indicate diat a 
nearby recervcT cannot cope with any interference the transrnittingterniinalmig^^ 

20 produce. This runs contrary to die standard pihilosophy of dynamic 
in v^oh the channels with minimum interference are preferred. 

In accordance with a first asgpect of the present invention, a method of 
controlling interference fiom a transmitter in one communicatian sjretem to a raseiver 
in anothtar communication system comprises transmitting a beacon firom the receiver 

25 repieseniative of a frequency at which die receiver is tryhig to receive; Ustening for die 

beacon at a beacon receiver associated with die trauaoaitter; and deriving a power 
spectral density Ihnit for a transmission from the transmitter based upon the strengdi of 
the beacon received at the beacon receiver. 

The problem of whether or not a trananissiffli wiH cause interfecence can only 
30 be addressed ifit is known where die receivers are, so in die present invention, 
receivers transmit and transmitters receive to convey this information. 
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Preferably, for a pliiralify of beacons received representing the same frequency, 
the derived maximum transmit power spectral density is related to that of the beaccai 
received at the highest power. 

It is assumed that if a transmission is set, such that it does not interfere with die 
5 receiver represented by the beacon at the highest power, then all the others will be 
utiafifected too^ whether because they are further away or otherwise more tolerant of 
interference. 

Preferably, tiie method farther comprises comparing the derived transmit power 
spectral density limit with a predetermined nunimum transmit power spectral density 
10 required by the trannnitter for that frequency; and trazisniitting a signal at that 

fiequency, only if the detrained transnkit pow» spectral density limit exceeds the 
minimum. 

If the transmis^on would not be of sufficient power to reach its intended 
destination^ then it is not seaaL This can be overcome by sending via an intermediate 
15 terminal, so that the reqiuxed miiumum level is lower. 

Preferably, a predetermined maximum tranmiit power spectral density is set, if 
*; no beaccms are received at the transmitter* 

Preferably^ the method farther comixises choosing a transmission fteqaenc^ for 
the transmitter which permits the mayimum pow&r spectral density for the 
20 tranmoLLSsion. 

Preferably^ the Iransmissicm from the transmitter is transmitted at a frequency 
deadved by deteimiimig the strongest received beacon which represents any one 
frequency; thereafter selecting; from the <tetermined strongest beacons, the beacon with 
the lowest power; and transmitting' at the frequerKxy represented by that selected 
25 beacon. 

Preferably, a transmit power spectral density fox a transmission from tiie 
transmitter is set dependent upon the strength of the received beacon at die chosen 
fiequencjf. 
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mininnjin signal to noise ratio for recdving the beacon in its effective bandwidtii and 
&B noise fignre of the beacon receiver al the transmitter. 

Preferably, a random time division mnUiple access (TDMA) protocol is ^plied, 
whereby beacons representing Werent frequraicies transniit at diffwent times, such 
5 tfiat over a series ofcydes a beacon representing eadifi»qu6ncywiU be heard at a 
diffoCTt time relative to anottier particular represented frequency, sucfe that no one 
frequency at a hi^ier power consistendy blocks reception of a beacon xepresMiting 
another fte^uency at a lowerpow€ar. 

Preferably, a code division multiple access (CDMA) protocol is applied, 
10 whereby beacons representing difftrent frequencies are distinguished from one another 
by different codes. 

Preferably, a correlation period of a CDMA component of the beacon signal is 
«>ntioIled by an FFT ccufzoller. 

Prejfeably, eadt beacon tcananits a type identifier and each beacon receiver 
15 «>mpiisest5Tpeq)ecific correlation means, such that a beacon receiver 

iype beacons in determining whether or not arho\* much powOT to tranMUtt. 

Preferably, a receiver transnits a beacon only if tnterfe?ence levels exceed an 
acceptable value. 

Preferably, the beaccm power is adapted to the wanted agnal powerieceived at 
20 the receivear. 

Preferably, the beacon power is aiaptsd to flie interference power received at 
the receiver. 

Preferably, a bandwidth managed by a beacwi is sufficienlly narrow that 
substantial correlation of shadow fading applies across lhat .bandwidth. 
25 Preferably, beacon ccanmiuncation is separated from a spectrum that is 

managed by the beacons by using a different frequency. 

Preferably, each beacon occupies a frequency bandwidfli which is smaU 
compared with 1he total bandwidfli mana^d by that beacon. 

Preferably, neighbouring beacons in a managed bandwidth mana^ discrete 
30 contiguous sections of frequency, each section comprising a fraction of the beacon 
managed band, each beacon being separated fixjm the frequency bandwidth which it 
manages by the alternate fraction. 
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The fractions can be unequal, such as 1/3 and 2/3, but typically each fraction is 

Preferably^ the beacon receiver is periodically tested with an internal beacon, of 
lcDo\m power and its associated transmitter is prevented firom transmitting if a beacon 
S iBoeiver fault occurs. 

Alternatively, beacon and system communications are separated in time. 
This requites timing control, for example, provided by putting satellite timing 
receivers in all liansmit and receive terminals. 

Prej^ably^ beacon reception and transmissicm happen at the same equqpmenl^ 
10 separated in time, by aaxanging for reception to take place whenever transmission is not 
according to schedules of tlie random TDMA piotocoL 

lii accoxdasLce with a second aspect of the present invention, a coitnmunication 
system comprises at least one transmitter and at least one receiver, wherein a beacon 
tra33smitter is associated with the at least one receiver and a beacon receiver is 
is associated witih the at least or^ transmitter^ whereby apower ^^tral density for 

transmission at any one transmitter is determined based upon the strength of the or each 
beacon received at the associated beacon receiver. 

hi accordance with a tliird aspect of the present invention, a transmitter for 
ooimnunication system, the transmitter being provided with an associalBd beacon 
20 receiver, whereby a power spectral density for transmission &om the transmitter is . 
determined based on the strength of one or more beacons r«^ ved at the associated 
beacon receive. 

In accordance with a fourth aspect of the pireseat invention, areceiver for a 
communication system, the receiver bcu^ provided with an associated beacon 
25 transmitter, whereby a beacon can be transmitted by the beacon transmitter to control 
interference, such that a desired maximum power spectral density of interference 
received at the receiver is achieved. 

An s;:ample of a methcd of controlling isiisrfercaace from trrmrmiiter m a 
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Figqn? 2 illustrates a ftequencsy band structure for fbc besacans and managpd 
bands using fhe meliMsd of I3ie preset inventkm. 

Fig. 1 iUustrates one exanqjle where the method of Ihe present invention may be 
5 appUed. A first receiver 1 which is trying to receive fix>m a first tranamittex (not 

shovm) needs to prcfvent interference 2 on tiieficquenoy^ To 
do this it transmits a beacon 3 i^resenting that fiequency. This beacon is received at a 
beacon receiver associated with a second transmitter 4 which is trying to transmit to a 
secondreoeiver (not shown). If&B second liansmitter 4 transmits it will prednce 

10 interference 2 at the first receiver 1 . 

The beacon 2 transmitted &om the first receiver represents the ftequraicy at 
which the receiver lis tiymg to receive. Qeariy this cannot be the same fitsquency as 
that being iweived, BO a nearby j&equency is assigned for this purpose. A compco^ 
is requited, so that Ihe frequency used is near enough to have good QOirelatian of path 

1 5 loss, but enou#i away to allow dipleodng. 

Although Figl only shows one receiver aiKi one transmitter, in a practical 
system there are multiple receivers and transmitters. The basic principle is that some or 
all of the receivers 1 transmit absSacon 3 at a suitable power level. Any terminal with a 
transmitter 4 that can hear a beacon related to a given fiequency must reduce its 

20 transmitter power according to the strength of Ihe beacon. If the permissible power is 
too low to allow the required communications then the terminal cannot use that 
frequency. A terminal operating dynamic channel allocation (DCA) would scan around 
the beacons and select the frequency whose beacon was received at the lowest power. If 
multiple beacons representing the same frequency are received at different powers ihe 

25 power ofinterest is taken to be the strongest 

The beacon transmission band is arranged as a band of frequencies at either end 
(or both ends) of the band being managed. There is one separate beacon signal relating 
to each frequency in the band and these must be multiplexed together. Deteimmation 
of beacon power and interference Innitation is explained below for the situation 

30 iUusliated in Fig.l. M the two Imks, primary status has been allocated to a termmal 
trying to receive and secondary status to the one trying to transmit and for simpHcity 
the transmitter for the primary link and the receiver for the secondary Imk are not 
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shown. The primary leceiver 1 is transmitting its-beacon 3 in order to guarantee 
reception. 

The following assumptions are made: 
Pp is the primary receiver beacon power 
5 Ps is the secondary transmitter power spectral density 

g is the path gain between the two equipment coxmectors - this includes 
prcpa^tionpath gain (<<l\ antenoa gains and feeder losses 
Np is the primary receiver noise figure 

Ns is the noise figure of the beacon receiver at the secondary transmitter 
10 Bs is the effective bandwidth at the beacon receiver for receiving the beacon 
ys is the mfnimum signal to noise ratio for receiving the beacon in its efTective 
bandwidth 

d is the &ctor by whidi we allow the primary receive to be de-sensitised 
Ilic levd of xxeeds to be set such that it is measurable at a po 
1 5 secondary transmitter conid produce non-trivial interference at the primary receiver. 
This is dcHie by fixiug the maximnm power that a secondary transaiitter can emit when 
Ifae beacon is undetectable^ such that only acceptable interference arises. 
The limit sensitivity for the beacon receiver is Ls = kTBsf^s^ys 
(where k is Boltsmaaxm^s constant and Tis the opeiadxig temperature in degrees 
20 Kelvin). 

Thus, if the received beacon power is less than or equal to fbsa the 
secondary transmitter will emit a power spectral density of P^lai^ Watts/Hz. This is set 
so ttiat if the beacon signal is equal to Ls, then only acceptable interference will be 
generated at the primary receiver. Assuming that this condition happens for a path gain 
25 of then the received beacon power will be given by 
J^s = Pp'g' Thus Pp.g = kWstf^s- 
The interference power spectral density generated at the primary receiver will then be 
Ps-pjAj^'g' The acceplabls fevel foniiiis will be *72^pCrf-l). Thns Fs-i^wc^g =^ klNtid'V)> 
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]ja practice, jfor univeisal opexation, a reference needs to be set. For example, if 
flbe reference is set at IW for a dc-sensitisaticai of 3 dB with a 0 dB noise figure 
primary receiver, "Sdssq. conveniently this-givra a beacon power for 3 dB de-sensitisation 
equal to \lNp Watts. 

In the following example, the peraiitted de-sensitisation is 3 dB, both receivers 
have a noise figure of 6 dB, J5s = 1 kHz andY/= 10 dB. Thus, flie beacon pow«: is 
Va Watt and 6o Ps.max= 2.5 xlO"* W/Hz. 

In this exan^le, a secondary transmitter wiflbt a bandwidth, for example, of 100 
KHz is aUowed to tiaiisrmt op to 2.5 W if it cannot hear a beacon. As t^^ 
detected and its received power dUmbs above U, tiien the maxhnum aUowable power 
has to be reduced pro-rata. 

From &i8 simple analysis it can be seen that the appropriate beacon power is 
independent of primary system bandwidth, operating range, range to the secondary 
trananitterCs) and the primary s^em required signal to noise ratio. The beacon power^ 
15 depends only on the primary leceh^er noise figure and the aUowable de-sensitisation. .. . 
Once ft reference for beacon power has been legislatei only relatively smaU variations 
win lesuk. The reference power, assuming recover noise te3nD5)eratures no lower than , 
290'Kanddcsensitisationbyno lessthan3 dB, will be the maximum beacon power .. 
ever used. 

2Q Feederlossandantennapatternsdonotaffectthe beacon powerorinaximrim 

secondary power conditions for the beacon system, although they do affect the 
spectrum sharing that is available. The maximum powrar a secondary transmitter may 
transmit depends on the sensitivity of its beacon receiver- Thus the equipment 
manufacturer is motivated to produce beacoii receivers with low noise figure and gpod 

25 beacon dd:ectability. 

Fig. 2 illustrates an arrangement of a beacon band structure for the method of 
the present invention. A beacon.signal represents flje reception of a particular ftequency 
in a band. At least one beacon type is required for every ftequency. It is necessary to 
determine how large a beacon managed band 8, 9 ought to be, how mnch spectrum 

30 should be allocated to beacon transmission and how many fiequencies should be 

allocated within a beacon managed band. As in all tradeoffs the result is a con^jromise. 
On the one hand, it is desirable that the beacon managed band is as large as possible to 
lednce the relative overhead of the beacon channel, but on the other hand it should be 
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as narrow as possible in order to guarantee the same radio propagation characteiristics 
across the baud and, in particular, between any sab-band and tihe beacon tranmiis^on 
band. 

As it is not practical to leduce the manned bandwidth down to the multipath 
5 fedtng correlation bandwidth of the channel> then die beacon transmission band must be 
wide enon^ to have reasonable ioherant mnltipath div^csity. If this beacon reception 
diversity is greater than that available to the users of the band, then the interference 
sensing mechanism will be conservative, i,e. it will tend to overestimate the 
intaference generated. In the alternative situation^ an underestimate may occur, so it 
10 maybe necessary to introduce a fading marghx to account for this difference. This can 
be done by transmitting the beacon at slightly higher power. 

Based on.the above requirement, it is deshrable that the beacon managed band is 
no greater flian about 5% of its centre firequency, which gives reasonable correlation of 
average propagaticm characteristics. Some care is needed to ensure that no tight 
1 S frequency selectivities in the antennas cause difficulties. Such a problem is mare likely 
to arise in the primary service, which will probably be incumbent, than in the secondary 
service, since the secondary service is generally designed to use any of the fiiequendies 
in the beacon managed band. One solution to the problem for the primary service is to 
bias the beacon transmitted power according to the relative ant^ma gains in the beacon 
20 transmission band, and the repres^itedsigndf^^ Another feature is that the 
beacon transmission band is preiforably set so that it does not exceed about 5% of the 
beacon managed band in order to avoid there being an unacceptable overhead for the 
beacons. 

Consideration must be g^ven to the provision of duplexing filtess since the 
25 primary receiver must transmit and the secondary transmitter must receive. Clearly if 
the beacon must be transmitted to represent a frequency that is right next to the beacon 
transmission band thare will be a probl&n. This difficulty can be solved by having 
beacon tzansmisdon bands S, 6, 7 at each end of the beacon managed band S, 9. The 
frrquTiides GTailablc for uce are d rsprec^nied by thr bec^osn transmicsiDii bond 
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band 6 also manages ftequency range 12 of beacon managpd band 9 whilst band 7 
manages frequency range 13. The size of tfae first and secOTid range 10, 11 is generally 
equal, i.e. half of each managed band is managed by one beacon transmission band 5 
and half by the othrar 6, but these ranges can be different proportions of the total beacon 
managed band 8, sudi as 1/3 and 2/3 or ofliarTatios- 

In a specific example, a fiequeacy band is set around 2 GHz, with a bandwidth 
8 of 100 MHz. This leads to a beacon transmissiott band 6 of 5 MHz (based on 5% 
bandwidth). Accordmg to fte sbuoture of Fig. 2, there is always a frequency spacing of 
at least 50 MHz to allow for diqjlexear fUtedng. 

The choice of number of frequencies represented is again, a ttade-off between 
complexity and flexibility. From the viewpoint of simplicity we would choose to have 
as few as possible. For example, if our 100 MHz wide band had an incumbent system 
with 5 MHz channels then the obvious answer would ^pearto beto have twaity, 5 
MHz cfeannels. However, this pre.«oi)poses that there will be only one ftaiher tier of . . 
15 spectrran sharing and that the sharing system wfll also have a bandwidth of 5 MHz tx. 
multiples thereof. Itmay be that some sharing s^tems are irrtroduced based on 7 MIfe. 
Jo. this case fliey may need to transmit as many as 3 beacons to keep a diannel free. - 
This would reserve 15 MHz of spectrum which would be inefficirait. From the 
viewpoint of flradbility the answer would be to use the highest common divisor of alii. 
20 anticipated diannelqjacings.ThedisadvantagpoftMsapptoachisihatitmi^tl^ 

the need for a large number of beacons for each frequency used For example, e spacing 
of 1 MHz wonld leqdie 5 beacons to ke^ a 5 MIfe channel free. The nnmber of 

frequencies would thus be a compromise between wasted spedrum and having a large 
number ofbeacons. At tiiis stage a bandwidth of 5 MHz nevertheaess seems reasonable 

25 leading to 20 beacons in this example. 

At any given beacon receiver ihere maybe beacons from a mmiber of receivers, 
relating to some different and some common irequencies, A would-be transmitter 
wants to examine beacons for a particular frequency. If there are many beacons for that 
frequency it is desirable that the task should not grow unduly. The options for muaq>le 

30 access are division in frequency, time and code (FDMA. TDMA and CDMA 
respectively). 

If beacon transmitters and receivers are to be low cost, then implicitly they have 
relatively inaccurate frequency referetxces. For exan[5>le, a 20 ppm end to end error 
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would not "be unreasonable, but at 2 GHz fliis would correspond to an error of 40 kHz 
making any FDMA system difficult to operate. Additioaially, each carrier would be 
relatively narrowband for FDMA. For exanqjle, representiag 20 frequencies in 5 MBb 
gives a maximum channel spacing of 250 kHz and so tiie multipath diversity rofaereat 
5 in abandwidth of 5.MHz is not exploited 

It is desirable for there to be no need for co-ordination between the di£f^:ent 
beacon transmitters^ so no fiaming structures can be imposed, as leqnired in TDMA. 
CPS receiveas could be used to achieve this, but these can also have problems^ 
particularly given the need for indoor qpciation and without some sort of timing 
10 control, the only available form ofmultiplexing in the time donoiain is random 

transmission, akin to fiie Aloha protocoL However^ a problem with this is that a priori 
it is not possible to be sure how many beacons need to be received in a given aiea» so it 
is difScult to dimension the average dxfty cycle of Ibe txansmission. 

CDMA allows for a very large number of beacons relating to the sanue 
1 S frequency since fhey would have the ^me code and would be separated only in time» 
but this suffers irom &e near far problem. If a strong beacon relating to cme fcegoency 
is received Ihen the receiver may know that that frequency is unavailable. However, it 
cannot know whe&er other frequencies are available since the beacon receiver is de- 
sensitised and it must be assmned ttiat other beacons may be present 
20 Overall, a combination of random TDMA and CDMA is preferred. The CDMA 

element provides the ability to measure multiple beacons relating to the same frequency 
and the TDMA element provides resistsmce to the near fkr effect. By listening for long 
enough, a beacon receiver can accumulate adequate confidence that, if there had been a 
beacon for a particul^ receiver at a lower level than a strong signal ften it would have 
25 had an opportum'ty to receive it Where a beacon transmitter needs to srad multiple 
signals from one location C^.g^ for a frequency that requires several contiguous sub 
bands) they must all be transmitted simultaneously and not in sequence. This is to avoid 
a &iQ.^e source occiipjdngtoo much of the time. 
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over which it is usually possible to correlate is one half cyde of the error fiequency, in 
this case 12.5 ps. This leads to an effective bandwidth of 80 kHz which is too wide for 
sensitive reception- This canbe radically improved by the use of an FFT conelator , for 
estample as described in D J R Van Nee & A J R M Coenen, "New Fast GPS Code- 

5 Acquisition Technique Using FFT% lEB Eleotionic Letters, 17* January 1991 Vol 27, 
ppl58 ^160. By choosing the numbCT of FFT bins, a coirelation penod of any length 
can be made. The iuaximum useful cotreUtion period depends on the correlation time 
of tiie channeL This varies fiom.about 200 ps to 1 ins depending on the mobUity of the 
transmitter, receivex or both. The underlying code can be set to have a duration of 

10 around 200 jis with up to, for example, 4 repetitions allowed which can be used in a 
static receiver to inqjrove sensitivity. This gives an effective bandwidth ftam 5 kHz 
down to 1.25 kHz allowmg good sensitivity. The piefened FFT size is 16. 32 or 64» aU 
practical with today's technology for a 10 MHz sampling rate, allhou^ vwth changes 
in technology other sizes niay be appropriate. There is some scaHqpin^ 

15 FFT, but this can be iniproved by randamising the frequency over ± ^ 
A furtbw issue for the beacon infomwrficBa is fliat alfliou^ it appears that itis 
only necessary to know the fiequency represented by the beacon, it is also necessary to 
distinguish beacons tcanamitted from receivers in the same system as flie transmitter, 
otherwise «ie transmitter never gets an opportunity to transmit. At any given time^there 

20 are only a relatively small number of systems sharing any given band. Thus, only g 
smaU immbar of codes are needed to distinguish the different^ystems will be needed. 
Eight bits would normally be sufficient. Every beacon transmitter ^spends its system 
type identifier to each beacon and transmits this using the appUcable spread spectrum 
code. This part is not related to flic represented frequency, but is married to it by its fine 

25 ftequency, Le. the FFT bin selected and its timing. Temunals for a giveu system only 
need to correlate codes for flieir own system, so a single matched filter can be used 
here. Thus, there" is no loss in sensitivity in detennining whether a beacon came ftom a 
beacon receiver's own type of system. In this case, the beacon receiver ignores this 
particular signal when detennining the power at which it could operate. 

30 As stated earlier, for a given represented j&equency "the preferred power to use 

for the beacon is tiie largest of the received powers. Howcvct, m multipalh, there may 
be several paths aU relating to the same beacon transmission. Inevitably there wiU be 
some ambiguity in determinirig this situation, but this can be resolved in most cases by 
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only taking other multipafh components from the same FFT bin oulpiit as that which 

identified the strongest output, which means that in the absence of significant Doppler 

tiie multipafli components from any given beacon transmitter all fall on the same fine 

fieqnency. In addition, only multipath components are taken from a narrow window 

5 around the largest peak, which constrains the components taken to within the TnaigiTm im 

delay g)an of the propagation medinxcL Finally, a maximum number of paths are taken 

to avoid including peaks of noise. 

The description above sets out the situation for a primary and a secondary 
system in which the receivers of the primary system have beacon transmitters and tte 
10 transmitters of the secondary system have beacon receivers, but this case gives no 
protection Bar the secondary system. A more ^eral set of possibilities is shown in 
Table 1' 

Table 1 



Type of System 


Beacon 
Traasmitter 


Beacon 
Receiver 


1 . Prmxaiy (Dommant) 


X 




2* co-operating 


X 


X 


3. Tertiary (Unprotected) 




X 



15 

In addition, beacon transmissions coold be made responsive for systems that could 
tolerate briefless of cacrumxnications» In this case a receiver would only transmit a 
beacon when it encountered unacceptable interference. The interfering sources would 
then d^ect the beacon and either stop transmitting or reduce their power. Itmigbtin 

20 some cases be desirable for type 2 syst^ns to receive and transmit essentially 

simultaneously on (ihe beacon chatmel. This would apply if the dynamics of spectnun 
sharing were such that it was not ^Expropriate for the termiiml to stop transmitting ttie 
beacon when it was makmg its own syst^ transmissions. The randcon TDMA 
trananissim format for the beacon would allow this to happen. The choice of level of 

15 prc-t32tion xar a Cj'ctem T:^^7Ild b ? a mstt-sr for a coEibiiErtica of c3rrsir3iix3Dse cad.. 
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take account of inaccuracies in RP gains, beacon transmitters etc. Regulation would 
seek to prevent manufacturers degrading their equipment perfonriance requirements 
excessivdy at the exp«ise of spectral efficieiicy and for this reason there may be a case 
for regulating an absolute maximum beacon transmitted power for a certain class of 
5 icooiver. Furtier, it may be desirable, and in some cases, acceptable to increase the 
beacon transmitted power to take account of multipafli fedingthat sometimeBtBdnces 
flie received beacon pcwM- without affecting the interferMice path 

Thae are several fundamental approaches that can be applied to the setting of 
flie beacon power. A fixed beactm power can be transmitted, based on the equipment 
10 design. Tliis^roach is robust, but not very flexible and does not always lead to the 
best protecticai for the receiving equipment against multiple intwferers. .Another option 
is to arrange for the primary receiver to estimate flie received noise and set the beacon 
power accordingly. In this case, as more iaterfems share the fteqnency the 
interference rises. This rise reduces the nwrgitt for further hiciease in interference 
15 leading to an increase in the beacon power. This increase forces the interferers to 
reduce their power, or prevents additional interferets from opetalmg, in order to 
maintain the receiver sensitivity. Altematively, flie primary receiver is arranged to set 
its beacon power according to file maximum acceptable level of interfeience given the 
signal that it is receiving. TWs approach clearly shouM not be used in conjunction with 
20 power conlrol within the system, as the two systems wiU mteract in complex an*. 

potentially undesirable or ui5>redictable ways. However, for fixedpower systems this 
approach can be tised to maximise spectrum sharing. 

The fundamental beacon concept is flexible enough to allow any or all of the 
above approaches to apply for different systems operating in the same beacon managed 
25 band. In any given band, care needs to be taken in considering the types of system 
sharing the spectnim to ensure that overall stability is preserved. It would be possible, 
for example, to operate one of each of flie types of system in Table 1 wifliout 
instabiUty- The type 1 system does not respond to beacons; flie type 2 system defers to 
the type 1 system and protects itself fiomfhe type 3 system and the type 3 system 
30 defers to the types 1 and 2 systems and uses whatever spectnmi it can find. For 

broadcast systems there are further degrees of freedom. For example, if one wishedto 
use flie beacon concept to allow sharing wilh the television band tiien every recover 
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needs to be eqxiippcd with a beacon transmitter, however, a beacon only needs to be 
tTMsmitted corresponding to the channel tihat the viewer is receiving at the time. 

The strong desirability for transmitting the beacon through the same antenna as 
that used for reception, in order to share the antenna's properties^ precludes tifcie use of 
simple masthead pre-amplifiers. Instead^ either a masthead pre-amplifier is arranged to 
be the source of the beacon transmission and the reference power chosen in such a way 
that the absolute power requircracnt is always mocfest, or else a diplexer is built into the 
masthead pre^anaplifier with gain for the beacon transmits as well. 
Although these requirements add conrplexity, fliey do not create insuperable problems 
and additional revenue firom die fieed t^> spectrum should more than cover such costs. 

The whole concept of spectrum shanng throu^ beacons depoids on the 
beacons being received whenever present with power above the presumed reference 
sensitivity. Equipment with a failed beacon receiver may transmit at maximum power 
on any fiequency and cause arbitrary interfbrenccji so tiic status of the beacon receivers 
must be known at all tun^ To deal with this a built in self-test for the beacon receivers 
can be providedi in which a known beacon is injected p^odically into the receiver at 
limit range level in oorder to test its function. Failure to receive the test beacon results in 
the equipment being prevented fiom transmitting. 
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CLAIMS 

1 . A method of controlling interference from a transmitter in one communication 
5 systBin. to a reociver in another oonununicatiQa system, the metiKxl comprising 

transmitting a beacon ftom Hie receivor represMitative of a ftequency at which the 
receiver is trying to receive; listening fer the beacon at a beacon receiveo: associated 
with the tranHmttear, and deriving a pawei spectral density limit for a transmission from 
the transmitter based upon the strength of the beacon recraved at the beacon receiver. 

10 

2. A method according 1o claim 1, wherein, for a plnrality of beacons leceived 
xepr«5«iting the same frequency, the dedved maximum transmit power spectral density 
is related, to that of tibes beacon received at the highest power. 

15 3. A method accordmg to daim 1 or clahn 2, fhrther conq>rismg comparmg the 
derived transmit power spectral density limit wflh a predetermined minimum tr^jsmit 
power spectral density required by the transmitter for fliat frequency; and transmitting a 
signal at that frequency, only if ihe determined transmit power spectral density limit 
exceeds fbs minimum. 

20 

4. A method accordhig to any preceding daim, wherein a predetennmed 
manmum transmit power spectral density is set, if no beaccais are received at the 
transmitter. 

25 5. A method aocotding to any preceding daim, the nieflKjdfiiith 

choosing a transimssiaa frequency fiar the transmitter wHch pennits the inaxi^^ 

power spectral density for the ttansmission. 

6. A method acconJing to any ofdaimsl to 4, wherein fee transmission from the 
30 transmitter is transmitted at a frequency derived by determinhig the strongest received 
beacon which r^resents any one frequency; thereafter selecting, from the detenmned 
strongest beacons, the beacon with the lowest power; and ttansmittii^ at the frequency 
represented by that selected beacon. 
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7. A method accoxditig to claitn 5 or claim 6, wherein a transmit powear spectral 
density for a transmission from (he transmitter is set dq>endent iq>on tiie strength of the 
received beacon at the chosen frequency. 

5 

8. A method according to any preceding claim^ wherein the mavtm iin^ permitted 
power spectral density of Ihe tranatnitter is set at the product of Ibe leceivw beacon 
power; and a factor by which the receiver can be de-senatised minus one; and the 
resultant of the receiver noise figure divided by the product of the effective bandwidth 

10 at the beacon receiver fbr receiving the beacon, the minirmitn signal to noise ratio for 
receiving tihe beacon in its effective bandwidth and the noise figure of the beacon 
receiver at the transmitter. 

9. A m^hod according to any preceding claim, wh«cein a random time division 
15 multiple a<x:ess CTDMA) protocol is applied, whiareby beacons representing different 

frequencies transmit at difierent times, such that over a series of cycles a beacon 
representing each frequency will be heard at a different time relative to another 
particular represented frequency, such that no one frequency at a inkier power 
consistency blocks reception of a beacon representing another frequency at a low^a* 
20 pow«, 

10. A method accordir^ to any preceding claim, wherein a code division multiple 
access (CDMA) protocol is applied, whereby beacons representing different 
frequencies are distir^ishcd from one another by different codes. 

25 

11. A method according to claim 10, wherein a correlation period of a CDMA 
coniponent of the beacon signal is controlled by an FFT controller. 
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13. A method according to any preceding claim, whfiie^ 
beacon only if interference levels exceed an acceptable value. 

14. A method according to any preceding claim, whCTein the beacon power is 
5 adapted to the wanted signal power received at fh© lecCTven 

15. A mefcod according to any of claims I to 13, wherein the beacon power is 
adapted to the intoieience pow« recdved at Ihe receiver. 

10 16. A m^hod according to any preceding daim, wherein a bandwidth managed by 
a beacon is sufficiently narrow that substantial correlation of shadow fiading ^Ues 
across tiiat bandwidth. 

17. A method according to any preceding claim, wherein beacon ooranranicatiMi is 
15 separated from a q)ectnmi that is managed by the beacons by txsing a different .... 

fiequency. 

18. A method accoiding to claim 17, wherein each beacon occiq»ies a frequency 
bandwidth vririch is small compared with the total bandwidth managed by fhatbeacon. 
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\9, A mefliod accoidiiig to claim 18, wherein neighbouring beacons in a managed 
bandwidth manage discrete contiguous sections of frequency, each scotioa comprising 
a fraction of the beacon managed baad, eadi beaccn bang separated from ihe 
frequency bandwidth wMch it manages by the alternate fraction. 

20. A mettiod according to claim 19, wherdn each fraction is Vz. 

21 . A mettiod accordii^ to any preceding claim, wherein the beacon receiver is 
periodically tested with an internal beaccm. of known power and its associated 
transmitter is prevented from transmittmg if a beacon receiver fenlt occurs. 

22. A method according to any of daima 1-16 or 21, wherein beacon and system 
coramunications are separated in time. 



-04;i5:i4 ; OBPO CARDIFF : 0 1 Te4.S33670 



18 



23. A m^od according to at least daim 9, wherein beacon reception and 
transroission hs^eai at liie same equipment^ separated in time* by airanging for 
reception to take place whenever transnussion is not required according to schedules of 

5 the random TDMA protocoL 

24. A method of controlling interference between a primary receiver and a 
secondary transmitter in a communication system as hereinbefore described with 
reference to the accompanying drawing. 

10 

25 . A commnnication network compdsing at least one transmitter belonging to one 
communication syst^ and at least one receiver belonging to another connnunication 
system* wherein a beacon transmittBr is associated with fbe at least one receiver aod a 
beacon receiver is associated wifli the at least one transmitter, whereby a power spectral 
dCTsi^ for transmission at any one transmitter is determined based upon the strcngtiii of 
the or each beacon received at the associated beacon receiver. 

26. A transmitter ftir a commnnication system, the transmitter being provided with 
an associated beacon receiver, whereljy a power spectral density fin: transmission fiom 
the transmitter is determined based on the strength of one or more beacons received at 
the associated beacon receiver. 



27, A receiver for a commxmicatian system, ttie receiver being provided with an 
associated beacon transmitter, whereby a beacon can be transmitted by the beacon 
transmiflser to ccmtrol interference, such that a desired maximum power spectral density 
of interferroce received at the receiver is controlled. 
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ABSTRACT 

A method of controlling interference from a transmitter (4) in one 
comimimcafion systan to a receiver (1) in another communication system^ the method 
coirtprisiiig transtrdttiis a beacon (3) from the iBceLver representative of a frequency at 
wMdi flie leceivBr is trying to receive; listening fear the beacon at a beacon receiver 
assodated with the transmitter; and deriving a power spectral density limit for a 
transmission (2) frcrni the transmitter based upon the streogtii of the beacon receiyed at 
&e beacon, recover. 



10 
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